The relation between the increments in mean pulmonary artery wedge pressure 
The relation between the increments in mean pulmonary artery wedge pressure and cardiac output during light supine exercise has been correlated with the presence or absence of clinical decompensation in 47 patients with severe aortic valve disease. The most useful indication of compensation or decompensation was obtainedfrom an index which related the increase in cardiac index (ml/min per m2) with exercise to the associated increase in mean pulmonary artery wedge pressure (mmHg) . In patients with compensated aortic valve disease the value of this ratio was never less than 283 units, and in those with decompensated disease, never greater than 210 units. Haemodynamic measurements during exercise with calculation of this 'exercise ratio' were most useful in evaluating ii patients in whom clinical evidence of compensation was equivocal. Lewis, Bristow, and Griswold, 1970; Sancetta and Kleinerman, I957) . This study provides haemodynamic criteria for the recognition of decompensation, and analyses the contribution of exercise in the assessment of patients for surgery.
Patients studied
Of I31 consecutive patients with isolated severe aortic valve disease who were being considered for aortic valve replacement, 70 were considered fit enough to perform light supine exercise. Fifty-one of these patients were classified as having compensated or decompensated disease from the clinical data alone. For this purpose, decompensation was considered to be present if one or more of the following criteria were satisfied: (I) a definite history of deterioration in exercise tolerance due to dyspnoea for which no alternative cause was found, (2) radiographic evidence of progressive cardiomegaly consistent with an enlarging left ventricle or definite pulmonary venous congestion (Doyle et al., 1957) , or (3) unequivocal signs of right heart failure, tachypnoea, pulmonary basal crepitations, pleural effusions, or reduced vital capacity responsive to bed rest, salt restriction, digitalis administration, or diuretic therapy. On the other hand, the presence of a third sound gallop with accentuation of the rapid filling wave of the apical impulse in aortic stenosis or a fourth sound gallop with increase of apical presystolic lift in aortic regurgitation, or I9±5 (2) 2-5 ±0-2 (7)
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97±3 ( The second patient had a normal pulmonary artery wedge pressure and cardiac index at rest and on exercise, and the exercise ratio was in the normal range. Pulsus alternans on exercise was the only haemodyna.mic abnormality. Two of the four patients with atypical responses to exercise were clinically compensated. The first, a 66-year-old man with aortic stenosis and an aortic valve area of o047 cm2, was studied to evaluate syncope on effort. Exercise produced pronounced, though asymptomatic, exertional hypotension apparently due to inappropriate peripheral vasodilatation. The mean pulmonary artery wedge pressure rose from 7 tO 22 mmHg and the exercise ratio was 73 units. It is, therefore, probable that effort syncope represented an atypical manifestation of decompensation in this patient. The second patient was a fit, hard working store-keeper with aortic regurgitation who was studied because of the recent development of a fourth heart sound and electrocardiographic evidence of left ventricular strain. 50 watt supine effort was performed at cardiac catheterization without any discomfort but the mean pulmonary artery wedge pressure was I9 mmHg at rest, and 29 numHg on exercise, and the exercise ratio was slightly below the normal range (244 units); these findings suggested decompensation. For this severe aortic valve disease. However, there are complicating problems in practice. The left ventricular end-diastolic pressure or pulmonary artery wedge pressure may be abnormally raised at rest or during supine exercise in patients who are clinically asymptomatic, possibly as a consequence of reduced compliance of the hypertrophied left ventricle. Continued observation of such patients has confirmed that the abnormal pressure does not imply the progressive deterioration characteristic of the decompensated phase. Furthermore, the present study has shown that there is considerable overlap in the resting values of cardiac output, left ventricular enddiastolic pressure, and pulmonary artery wedge pressure between patients with compensated and decompensated disease. Deliberate case selection has accentuated this overlap, since exercise was only performed in patients who did not manifest obvious left ventricular failure at rest. In these patients, supine exercise clearly accentuated heamodynamic differences between compensated and decompensated disease. The measurement of the mean pulmonary artery wedge pressure is easier and more accurate than the measurement of cardiac output, and provides the basis of most of the distinction between patients with compensated and decompensated disease. However, patients with decompensated aortic valve disease were most clearly distinguished from those with compensated disease when both the tendency for the ventricular filling pressure to rise abnormally during exercise and of the cardiac output to rise subnormally were combined in the calculation of the exercise ratio (ACI/ APW).
It should be noted that the exercise ratio is not simply an index which empirically increases the distinction between patients with compensated and decompensated aortic valve disease, since this index is soundly based on the pathological physiology of heart failure. In normal subjects, the maintenance or augmentation of stroke volume with supine exercise is attributable to both the maintenance of end-diastolic ventricular volume and operation of Starling's law, and also to the increase in myocardial contractility associated with exercise (Braunwald et al., i967) . Reduced myocardial contractility has been demonstrated in the failing left ventricle and to a lesser extent in the non-failing hypertrophied left ventricle (Mason, Spann, and Zelis, i969; Spann et al., I967; Simon et al., I970) . Such a reduction in contractility implies that a greater than normal increase in left ventricular end-diastolic volume would be required in order to maintain the stroke volume on exercise. Because of the reduced compliance of the hypertrophied ventricle in aortic valve disease of long standing, this increase in ventricular volume on exercise will result in a correspondingly greater increase in end-diastolic pressure. All of these factors probably combine to cause the larger rise in left ventricular filling pressure in patients with decompensated disease and also in those with compensated disease and myocardial hypertrophy.
Our observations have shown that the changes of ventricular filling pressure and cardiac output during supine exercise are sufficiently abnormal in patients with decompensated aortic valve disease to make them clearly distinguishable from patients without any evidence of decompensation on clinical grounds. This relation, expressed as the exercise ratio, may therefore be used to classify patients into compensated or decompensated categories when the clinical evidence is equivocal. Aortic valve replacement is generally recommended when clear symptoms of syncope, angina, or decompensation occur in association with haemodynamically severe aortic valve disease. In approximately Io per cent of cases, the clinical evidence for decompensation is equivocal, and we recommend the use of the exercise ratio to assist with the decision for operation in these patients.
